Pancreatic cancer (PC) is the fourth most common cause of cancer-related mortality in the industrialized world. Emerging evidence indicates that a variety of microRNAs (miRNAs or miRs) are involved in the development of PC. The aim of the present study was to elucidate the mechanisms through which miR-494 affects the epithelial-mesenchymal transition (EMT) and invasion of PC cells by binding to syndecan 1 (SDC1). PC tissues and pancreatitis tissues were collected, and the regulatory effects of miR-494 on SDC1 were validated using bioinformatics analysis and a dual-luciferase report gene assay. The cell line with the highest SDC1 expression was selected for use in the following experiments. The role of miR-494 in EMT was assessed by measuring the expression of SDC1, E-cadherin and vimentin. Cell proliferation was assessed using a cell counting kit (CCK)-8 assay, migration was measured using a scratch test, invasion was assessed with a Transwell assay and apoptosis was detected by flow cytometry. Finally, a xenograft tumor model was constructed in nude mice to observe tumor growth in vivo. We found that SDC1 protein expression was significantly higher in the PC tissues. SDC1 was verified as a target gene of miR-494. The SW1990 cell line was selected for use in further experiments as it had the lowest miR-494 expression and the highest SDC1 expression. Our results also demonstrated that miR-494 overexpression and SDC1 silencing significantly decreased the mRNA and protein expression of SDC1 and vimentin in SW1990 cells, while it increased E-cadherin expression and apoptosis, and inhibited cell growth, migration, invasion and tumor growth. On the whole, the findings of this study demonstrated that miR-494 is able to downregulate SDC1 expression, thereby inhibiting the progression of PC. These findings reveal a novel mechanism through which miR-494 affects the development of PC and may thus provide a basis for the application of miR-494 in pancreatic oncology.
Introduction
Pancreatic cancer (PC) is the fourth leading cause of cancer-related mortality worldwide (1) and is associated with a poor prognosis due to liver metastasis (2) . PC remains a challenging disease with limited treatment options; at the time of diagnosis, almost 80% of patients have unresectable tumors with either progressive metastatic growth or locally advanced lesions (3) . This phenotypic switch in PC cells may occur due to epithelial-mesenchymal transition (EMT) (4) . EMT is a biological process in which cells with a smooth morphology are converted and begin to exhibit mesenchymal characteristics, including the loss of polarity, minimal cell-cell contacts and increased cell projections (5) (6) (7) (8) (9) . The histological loss of cellular differentiation is a predictive biomarker of poor outcomes in PC (10) . Although advances have been made in PC treatment methods, conventional treatments still have undesirable outcomes and patient life expectancy remains poor (11, 12) . A pattern of differentially expressed microRNAs (miRNAs or miRs) has been developed for gemcitabine-resistant PC cells, and the results have demonstrated that miR-mRNA network-based analysis may provide insight into the molecular mechanisms responsible for drug resistance (13) .
miRs are short (~22 nt in length) non-coding RNAs that regulate gene expression (14) . Previous studies have reported that they are involved in the regulation of cancer progression (15) (16) (17) . By modulating oncogenes or tumor suppressor genes, miRs can affect tumor development (17) . A previous study reported that miR-494 was able to downregulate KIT in gastrointestinal stromal tumors (GIST) and that miR-494 overexpression may be a promising treatment strategy for GIST (18) . miR-494 has also been shown to suppress colony forming activity and the proliferation of A549 human lung cancer cells (19) . The association between miRNAs and syndecan-1 (SDC1) has previously been explored by Parimon et al (20) . SDC1 has been implicated in a number of biological functions, and changes in its expression often produce malignant phenotypes arising from elevated cell growth, proliferation, invasion and metastasis (21) . SDC1 is an important cell surface adhesion biomolecule that is involved in the maintenance of cell morphology, and its dysfunction contributes to cancer progression (22) . SDC1 expression is dysregulated in various types of cancer, including head, neck, breast, ovarian and colorectal carcinomas (23) (24) (25) (26) (27) . The aim of this study was to elucidate the mechanisms through which miR-494 affects EMT and the invasion of PC cells by targeting SDC1.
Materials and methods
Ethics statement. The present study was approved by the Institutional Review Board of the First Affiliated Hospital of Dalian Medical University in accordance with the Declaration of Helsinki. Written informed consent was obtained from each participant. All experimental protocols were in accordance with the International Convention on the Ethics of Laboratory Animals and relevant national regulations.
Study subjects. A total of 42 patients (25 male, 17 female; aged 31-77 years) who were pathologically diagnosed with PC and underwent exairesis (28) between November, 2013 and November, 2016 at the First Affiliated Hospital of Dalian Medical University (Dalian, China) were included in this study. The inclusion criteria were as follows: i) Patients who were pathologically confirmed to suffer from PC with complete clinical data; ii) patients who had no history of pancreatitis, radiochemotherapy or pancreatic surgery prior to the exairesis; iii) patients who successfully underwent surgery with no complications. The exclusion criteria were as follows: i) Patients who were not pathologically confirmed with PC; ii) patients who had a history of pancreatic disease; iii) patients who exhibited discomfort after surgery. Pancreatitis tissues were collected from 42 patients (22 male, 20 female; aged 30-75 years) with pancreatitis who were treated at the First Affiliated Hospital of Dalian Medical University as the controls. All the tissue samples were obtained by puncture biopsy and R0 (or R1) excision, and no frozen sections were made prior to RNA extraction. However, histopathological examination was performed following surgery to ensure that the tissues obtained were specifically tumor tissues. Fresh specimens were stored in liquid nitrogen, and all cells were cultured in high glucose Dulbecco's modified Eagle's medium (DMEM; HyClone/GE Healthcare Life Sciences, Logan, UT, USA) containing bovine serum albumin (BSA; Invitrogen/Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 1% streptomycin penicillin (Sigma-Aldrich/Merck KGaA, Darmstadt, Germany) at 37˚C with 5% CO 2 . The medium was changed every 24 to 48 h. The cells were detached with trypsin and passaged. Cells in the logarithmic growth phase were selected for use in further experiments. No patients had received radiochemotherapy prior to surgery and all provided complete clinical data. Following exairesis, the PC tissues and pancreatitis tissues were stored separately in Eppendorf (EP) tubes in liquid nitrogen.
Immunohistochemistry. Tissues were fixed with formaldehyde, dehydrated, embedded in paraffin and cut into serial 4-µm-thick sections. All sections underwent normal dewaxing and antigen retrieval in citrate buffer under high pressure for 2 min. To block endogenous peroxidase activity, the sections were incubated with 3% H 2 O 2 at room temperature for 10 min. The sections were then incubated with the primary monoclonal mouse-anti-human SDC1 antibody (ab128936, 1:8,000; Abcam Inc., Cambridge, MA, USA) overnight at 4˚C, washed 3 times at room temperature and incubated with goat anti-mouse antibody FITC (Johnson Lifescan Inc., Chesterbrook, PA, USA) for 30 min at 37˚C. Following 3 washes in phosphate buffered saline (PBS), the sections were stained with diaminobenzidine (DAB) (Shanghai Reagent No. 1 Factory, Shanghai, China), redyed and sealed. Known positive sections were used as positive controls and the primary antibody was substituted with PBS as a negative control. Positive SDC1 expression was indicated by brownish-yellow particles in the nucleus or cytoplasm. Scoring was performed using a double blind method (a 13-point scoring method) (29) . The amount of SDC1 staining was scored based on the percentage of stained cells and the intensity of staining. The percentage scoring system was as follows: 0 points, no cells stained positive for SDC1; 1 point, ≤10% cells stained positive; 2 points, 11-50% positive cells; 3 points, 51-80% positive cells; 4 points, >80% positive cells. Staining intensity was scored as follows: 0 point, no staining; 1 point, weak staining; 2 points, moderate staining; 3 points, strong staining. A final score was product of the percentage score and intensity score. To stratify patients for analysis, a score of >4 was defined as high/positive SDC1 expression, while ≤4 was low/negative SDC1 expression.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to extract total RNA from the tissues and also the RNA concentration was determined using TRIzol. Subsequently, 1 µg RNA was reverse transcribed using a PrimeScript™ RT-PCR kit (RR047A; Takara Bio, Inc., Otsu, Japan) to obtain cDNA, which was used as a template for primer design with Primer Premier 5.0 software (amplified fragment size, 156 bp). Primers were synthesized by Invitrogen. The purity and concentration of the RNA were then detected using a microplate reader (168-1000XC, Model 680; Bio-Rad, Hercules, CA, USA). With β-actin as an internal reference, the expression levels of SDC1, E-cadherin, Vimentin and miR-494 were determined as previously described (30) . The conditions for the reverse transcription were as follows: 37˚C for 60 min and 85˚C for 5 min. A TaqMan PCR assay (Bio-Rad Laboratories, Inc.) was performed, and the thermocycling conditions were as follows: Pre-denaturation at 95˚C for 3 min, followed by 40 cycles of denaturation at 95˚C for 10 sec, annealing at 60˚C for 20 sec and extension at 72˚C for 30 sec. The 2 -ΔΔCq method (31) was used to calculate mRNA expression. The primer sequences are presented in Table I .
Cell culture and selection. The non-HPC cell line, HPDE6c7, and the pancreatic ductal adenocarcinoma cell lines (PDACs), namely ASPC-1, SW1990, BXPC-3, CFPAC-1 and PANC-1, were purchased from the Shanghai Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and cultured in complete DMEM containing 10% BSA, 100 U/ml penicillin and 100 µg/ml streptomycin at 37˚C in 5% CO 2 with saturated humidity. The cell line with the highest SDC1 expression was selected for subsequent experimentation.
Dual-luciferase reporter gene. The TIAN amp Genomic DNA kit (Tiangen Biotech Co., Beijing, China) was used for DNA extraction, and the target gene prediction software TargetScan (http://www.targetscan.org/vert_71/) was used to obtain the targets of miR-494. A PCR amplification primer was designed based on the potential site of the 3'-UTR, and the SDC1 3'-UTR segment containing a miR-494 response sequence was constructed. A Dual-Luciferase Reporter Assay System (E1910; Promega, Madison, WI, USA) was used to detect luciferase viability. The site directed mutant sequence without binding site of miR-494 in SDC1 3'-UTR was designed and inserted into the reporter vector. miR-494 mimic was then co-transfected with the SDC1 wild-type sequence (Wt-miR-494/SDC1) or mutant-type sequence (Mut-miR-494/SDC1) into SW1990 cells. At 48 h following transfection, samples were washed twice with PBS and the old medium was discarded. Subsequently, 100 µl passive lysis buffer (PLB) were added to each well and shaken at room temperature for 15 min. The cell lysate was collected and analyzed using the system, with program pre-reading time of 2 sec, data reading for 10 sec, followed by the addition of LARII Stop &Glo ® Reagent (100 µl each time). The prepared LARII Stop & Glo ® Reagent and luminotron or lighting slab (sample size, 20 µl) was palced in a bioluminescence detector (Glomax 20/20; Promega). The program was run and data were reserved after value readings. The experiment was performed in triplicate with 3 duplicates for each experiment.
Cell culture, grouping and transfection. The PDAC cell line with the highest expression of SDC1 was selected for use in further experiments. The PC cells in the logarithmic growth phase were seeded in a 6-well plate (1x10 5 cells/well). When cell confluence reached 70%, the culture solution was changed and the cells were washed with serum-and antibiotic-free medium 3 times. A plasmid-liposome mixture (Invitrogen) was added to culture the plates for transfection, shaken for 30 sec and incubated in 5% CO 2 at 37˚C for 5 h. The medium was replaced with a culture solution containing fresh serum and cultured for 48 h. Lipofectamine 2000 (Invitrogen) was used for transfection and the cells were divided into the following groups: Blank (no transfection), miR-494 mimic (transfected with miR-494 mimic), miR-494 inhibitor (transfected with miR-494 inhibitor), negative control (NC, transfected with NC plasmid), SDC1-siRNA (transfected with SDC1-siRNA) and miR-494 inhibitor + SDC1-siRNA (transfected with miR-494 inhibitors and SDC1-siRNA). The miR-494 mimic, miR-494 inhibitor, NC plasmid and SDC1-siRNA were all purchased from the Shanghai GenePharma Co., Ltd. (Shanghai, China). The siRNA sequences are presented in Table II .
Western blot analysis. At 48 h following transfection, the cells were harvested and lysed with radioimmunoprecipitation assay (RIPA) buffer (Beyotime Institute of Biotechnology, Shanghai, China). Total protein was extracted, and the protein concentration was determined using the BCA method (KeyGene, Wageningen, The Netherlands). The 5X sample loading buffer was mixed with the proteins and boiled for 10 min in a water bath. Following heating and denaturation, proteins were separated by 7.5% polyacrylamide gel electrophoresis and transferred onto a polyvinylidene difluoride membrane (PVDF; EMD Millipore, Billerica, MA, USA). The membrane was blocked with 5% skimmed milk powder for 1 h followed by incubation with rat anti-human SDC1 (ab34164, 1:8,000; Abcam Inc.), E-cadherin (TA800670, 1:1,000), N-cadherin (TA503775, 1:500) and Vimentin (TA801250, 1:1,000) antibodies (Zhongshan Jinqiao Biotech, Beijing, China) at 4˚C overnight. The membrane was then washed and incubated with horseradish peroxidase (HRP)-labeled goat anti-mouse secondary antibody (ab97040, 1:5,000; Abcam Inc.) at 37˚C for 1 h. Enhanced chemiluminescence (ECL) reagents were added to develop the film, and the optical density (OD) of the target bands was analyzed using a gel image processing system (UVP Inc., San Gabriel, CA, USA) with β-actin as an internal reference.
Cell counting kit (CCK)-8 assay. When cell confluence reached 80%, the cells were washed twice with PBS, detached by 0.25% trypsin and made into single cell suspension. After cell counting, 3x10 3 to 6x10 3 cells were seeded in each well 
RT-qPCR, reverse transcription-quantitative polymerase chain reaction; miR-494, microRNA-494; SDC1, syndecan-1; F, forward; R, reverse. Flow cytometry. At 48 h following transfection, the cells were detached using trypsin without ethylene diamine tetraacetic acid (EDTA) and collected in a centrifugation tube. The supernatant was discarded and the cells were washed 3 times with cold PBS and centrifuged (37˚C, 300 x g) again. The supernatant was discarded, followed by staining with 1 mg/ml RNase A and 50 µg/ml of propidium iodide (PI) for 30 min. Flow cytometry (BD Biosciences, San Jose, CA, USA) was performed and the cell cycle was assessed using ModFit software (Bio-Rad Laboratories, Inc.). An Annexin V-fluorescein isothiocyanate (FITC) cell apoptosis kit (M3021; Shanghai Mei Ji Biotechnology Co., Ltd., Shanghai, China) was used to assess apoptosis. In accordance with the manufacturer's instructions, Annexin V-FITC, PI and 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer solution were mixed at a ratio of 1:2:50 to prepare the Annexin V-FITC/PI dye. A total of 100 µl dye was added to per 1x10 6 cells for suspension. The mixture was shaken evenly and incubated at room temperature for 15 min, following which 1 ml HEPES buffer solution was added and the mixture was shaken evenly again. FITC and PI fluorescence were detected using a flow cytometer to assess cell apoptosis. The results were evaluated as follows: Cells in the left upper quadrant were dead cells; cells in the left lower quadrant were negative normal cells; cells in the right quadrant were apoptotic cells; cells in the upper right quadrant were late apoptotic cells and cells in the lower right represented those in early apoptosis.
Xenograft tumors in nude mice. BALB/C female nude mice (8 weeks old, weighing 18-20 g) were purchased from the Laboratory Animal Center, Dalian Medical University and housed under the condition of a constant temperature (25-27˚C) and constant humidity (45-50%). The SW1990 cells (1x10 6 ) were resuspended in 200 µl normal saline and injected subcutaneously into the back of right hind leg of nude mice with 10 mice for each group. The mice that were injected with the SW1990 cells were assigned into the blank, miR-494 mimic, SDC1-siRNA and miR-494 inhibitor + SDC1-siRNA groups. Tumor formation and growth were observed and recorded regularly. When tumors were clearly visible, the two maximal margins were measured every 5 days using a vernier caliper. Tumor volume was calculated using the formula V = L x W 2 x 0.5, where L is the length and W is the width of a tumor. When a single tumor reached approximately 1.2 cm in diameter, the nude mice were sacrificed.
Statistical analysis. SPSS 21.0 software (IBM Corp., Armonk, NY, USA) was used for data analysis. All experiments were repeated 3 times. Data are presented as the means ± standard deviation. Differences between 2 groups were compared using independent sample t-test. Multiple group comparisons were made using one-way analysis of variance (ANOVA). The least significant difference (LSD) test was employed for pairwise comparisons. The cell growth conditions in each group at different time points were assessed using a repeated measurement analysis of variance. A value of P<0.05 was considered to indicate a statistically significant difference.
Results
The expression of miR-494 is downregulated and that of SDC1 is upregulated in PC tissues. Immunohistochemistry was performed in order to determine the relative expression of SDC1 in PC tissues. Positive SDC1 staining was mainly observed in the nuclei and only partly in cytoplasm (Fig. 1A) .
The SDC1 positive expression rate in the PC tissues was 85.7% (36/42) compared with 14.4% (6/42) in the pancreatitis tissues (P<0.05). Subsequently, we validated the inverse association between miR-494 and SDC1 expression by conducting RT-qPCR. The results revealed that miR-494 expression was decreased and SDC1 expression was increased in the PC tissues compared with the pancreatitis tissues (P<0.05) (Fig. 1B) .
SW1990 cells have the highest SDC1 expression and lowest miR-494 expression. RT-qPCR was performed to determine the mRNA expression levels of SDC1 in the non-HPC HPDE6c7 cells and PDAC cell lines (ASPC-1, SW1990, BXPC-3, CFPAC-1 and PANC-1). These cell lines exhibited a statistically significant inverse association between SDC1 and miR-494 expression ( Fig. 2A) . The expression of miR-494 was also assessed. Western blot analysis was used to measure the protein levels expression of SDC1 (Fig. 2B) , and the results revealed the same expression pattern as did RT-qPCR. miR-494 expression was lower in the PDAC cell lines than in the HPDE6c7 cells, and the lowest miR-494 expression was observed in the SW1990 cells. The results also revealed that SDC1 expression was upregulated in the PDAC cells compared with the non-PC cells (P<0.05). Thus, SW1990 was selected for use in further experiments.
SDC1 was verified as the target gene for miR-494. Online target prediction was used to determine whether miR-494 is able to directly regulate SDC1, and the results were confirmed by a dual luciferase reporter assay. The results identified a specific binding region between the SDC1 gene and the miR-494 sequence, indicating that SDC1 was the target gene of miR-494 ( Fig. 3 ). To prove that miR-494 affects the target site, WT and MUT sequences lacking the miR-494 combination sites in the SDC1 3'-UTR area were inserted using a reporter plasmid. The miR-494 mimic, WT-miR-494/SDC1 or MUT-miR-494/SDC1 recombined plasmids were co-transfected into the SW1990 cells, and the results revealed that transfection with the miR-494 mimics had no significant effects on luciferase activity in the MUT-miR-494/SDC1 group, whereas the luciferase activity was significantly decreased following transfection in the WT-miR-494/SDC1 group (P<0.05). These results indicate that miR-494 may directly target SDC1.
Restoration of miR-494 suppressed EMT of SW1990 cells via inhibition of SDC1.
Microscopy was used to observe changes in cell morphology at 48 h following transfection in each group (Fig. 4A ). In the NC and blank groups, no obvious interstitial changes were observed. Compared with the NC and blank groups, a loss of cell polarity and widened cell gaps were observed in the miR-494 inhibitor + SDC1-siRNA and the miR-494 inhibitor groups, suggesting that cell adhesion was lost. Some cells in these groups exhibited outstretched pseudopodia or mesenchymal cell-like changes, similar to fibroblasts. Changes in cell morphology were most evident in the miR-494 inhibitor group. No significant interstitial cell transformation was observed in the miR-494 mimic or SDC1-siRNA groups. RT-qPCR was performed to assess the mRNA expression levels of SDC1, E-cadherin and vimentin in the SW1990 cells, while western blot analysis was employed to measure protein expression ( Fig. 4B-D) . No significant differences were observed in miR-494, SDC1, E-cadherin or vimentin expression between the blank and NC groups (P>0.05). Compared with the blank and NC groups, the expression of miR-494 was increased in the miR-494 mimic group, whereas it was decreased in the miR-494 inhibitor and miR-494 inhibitor + SDC1-siRNA groups. Compared with the blank and NC groups, the mRNA and protein levels of SDC1 and vimentin were decreased in the miR-494 mimic and SDC1-siRNA groups, while the expression of E-cadherin was increased (P<0.05); elevated mRNA and protein levels of SDC1 and vimentin were observed in the miR-494 inhibitor group, while the expression of E-cadherin was decreased (P<0.05). The mRNA and protein levels of SDC1 and vimentin were lower in the miR-494 inhibitor + SDC1-siRNA group compared with the miR-494 inhibitor group, whereas the expression of E-cadherin was increased (P<0.05). Taken together, these results suggested that miR-494 overexpression and SDC1 knockdown inhibited EMT in the SW1990 cells, whereas miR-494 knockdown promoted EMT. miR-494 overexpression suppresses SW1990 cell proliferation by inhibiting SDC1 expression. To better understand the effects of miR-494 on the proliferation of SW1990 cells, a CCK-8 assay was performed. The results (Fig. 5 ) revealed no significant difference in cell proliferation between the blank and NC groups (P>0.05). Compared with the blank and NC groups, cell growth was decreased in the miR-494 mimic and SDC1-siRNA groups, as indicated by a lower A450 value at 48 and 72 h (P<0.05). Furthermore, the A450 value was increased in the miR-494 inhibitor group (P<0.05). Compared with the miR-494 inhibitor group, cell proliferation was decreased in the miR-494 inhibitor + SDC1-siRNA group (P<0.05). These results suggest that miR-494 overexpression or SDC1 silencing suppresses the proliferation of SW1990 cells in vitro. miR-494 silencing enhances cell proliferation, while transfection with SDC1-siRNA reverses this effect.
miR-494 overexpression inhibits SW1990 cell migration and invasion by deregulating SDC1.
A scratch test and Transwell assay were conducted to assess the role of miR-494 in the migration and invasion of SW1990 cells. The results (Fig. 6) revealed that, compared with the blank and NC groups, cell migration and invasion were significantly reduced in the miR-494 mimic and SDC1-siRNA groups, whereas they were elevated in the miR-494 inhibitor group (P<0.05). The miR-494 inhibitor + SDC1-siRNA group exhibited no significant difference in terms of cell migration and invasion in comparison with the blank and NC groups; however, the miR-494 inhibitor + SDC1-siRNA group exhibited reduced cell migration and invasion compared with the miR-494 inhibitor group. These results suggest that miR-494 overexpression or SDC1 silencing suppresses the migration of SW1990 cells in vitro, while miR-494 silencing enhances cell migration. The effects of miR-494 silencing can be reversed by transfection with SDC1-siRNA. miR-494 overexpression or SDC1 silencing promotes the apoptosis of SW1990 cells. Flow cytometry was used to detect the cell cycle distribution and apoptosis. The results (Table III and Fig. 7) revealed that there were an increased number of cells in the G0/G1 phase and a decreased number in the S and G2/M phases in the miR-494 mimic and SDC1-siRNA groups compared with the blank and NC groups (P<0.05). A reduced number of cells was observed in all phases in the miR-494 inhibitor group and apoptosis was also reduced (P<0.05). Compared with the miR-494 inhibitor group, a significant increase in the number of cells in the G0/G1 phase was observed in the miR-494 inhibitor + SDC1-siRNA group; furthermore, cell apoptosis was increased and the number of cells in S and G2/M phase was decreased (P<0.05). Together, these results suggest that miR-494 overexpression or SDC1 silencing promotes the apoptosis of SW1990 cells; miR-494 silencing exerts an anti-apoptotic effect on the SW1990 cells, and this is reversed by transfection with SDC1-siRNA. miR-494 overexpression or SDC1 silencing inhibits tumor growth. Finally, in order to verify the effects of miR-494 in PC cells in vivo, we injected transfected PC cells into nude mice to observe tumorigenesis. As shown in Fig. 8 , tumor volumes were lower in the miR-494 mimic and the SDC1-siRNA groups compared with the blank group. Tumor volumes in the miR-494 inhibitor + SDC1-siRNA group were significantly increased compared with the SDC1-siRNA group (P<0.05).
In conclusion, miR-494 overexpression or SDC1 silencing inhibits tumor growth.
Discussion
PC treatment remains a major challenge due to the aggressive progression and high degree of chemoresistance observed in this type of cancer (3, 32) . Despite advances in treatment methods, the 5-year survival of patients with PC remains ≤5% (33) . Thus, the development of novel treatment strategies for PC is of great importance. The finding of this study that miR-494 suppresses the biological behaviors of PC cells suggests that miR-494 may be a potential target for PC treatment. Our results demonstrated that the expression of miR-494 was downregulated and that of SDC1 was upregulated in PC tissues. A recent study reported that miR-494 expression was decreased in gastric carcinoma (GC), indicating that miR-494 can act as an anti-oncogene and plays a role in the pathogenesis of GC (34) . Similarly, another study demonstrated that miR-494 was downregulated in oral cancer compared to normal tissues (35) . miR-494 expression was found to be associated with tumor progression and has potential as a predictor of a poor prognosis of patients with PC (36) . In addition, significantly elevated SDC1 serum levels have been reported in advanced prostate cancer, suggesting that SDC1 shedding is involved in tumor progression (37) . The SDC1 expression profile was also found to be significant in colorectal cancer, and may be of use for identifying aggressive colorectal carcinoma (38) . Based on these data reported, it can be concluded that patients with PC may exhibit miR-494 downregulation, but an increased level of SDC1.
Vimentin, a major intermediate filament protein, is often overexpressed in epithelial cancers, such as prostate cancer, breast cancer, lung cancer, gastrointestinal tumors and malignant melanomas. Furthermore, vimentin overexpression is typically associated with elevated tumor growth and a poor patient prognosis (39) . Vimentin has received attention as a canonical biomarker of EMT (40) . Furthermore, its expression is associated with motile prostate cancer cell lines (41) , and vimentin overexpression can reduce tumor invasive activity and cell motility via inhibiting PC-3 cells (42). The specific EMT markers of a decreased E-cadherin and an increased vimentin expression are associated with a poor survival (43, 44) and invasion (45) . Moreover, a previous study reported that transfection with miR-494 mimics upregulated E-cadherin expression and downregulated the expression of N-cadherin and Vimentin in breast cancer cells (46) . SDC2 is able to include extracellular E-cadherin shedding, changing the fibroblast-like morphology in colon cancer cell lines (47) . Taken together, these reports suggest that miR-494 overexpression or SDC1 silencing decreases vimentin expression, and elevates E-cadherin expression, suggesting that miR-494 can suppress EMT, and the migration and invasion of PC cells.
In this study, following transfection with miR-494 mimics and SDC1-siRNA, the cell growth rate, migration and invasion were decreased, while cell apoptosis was increased. A previous study revealed that a reduced miR-494 expression in PC tissues was associated with tumor progression (36) . Furthermore, it has been reported that miR-494 expression is notably decreased in PC tissues, as well as in cell lines, and miR-494 overexpression can significantly suppress PC cell proliferation in vitro and in vivo by inducing apoptosis, senescence and G1-phase arrest (48) . miR-494 can inhibit tumorigenesis in breast cancer by targeting PAK1, in gastrointestinal stromal tumors by targeting KIT and in non-small-cell lung cancer by targeting c-Myc (17, (49) (50) (51) . However, the role of miR-494 in cancer cell proliferation may be reversed; by targeting PTEN and BIM, miR-494 contributes to the development of hepatocellular carcinoma and non-small-cell lung cancer, respectively (51, 52) . Based on these reports, the results of the present study require further validation. In the present study, SDC1 was identified as a target gene of miR-494, while miR-494 was able to negatively target SDC1, suggesting a reciprocal role. Moreover, we hypothesized that miR-494 suppressed EMT, and the migration and invasion of PC cells by inhibiting SDC1. The results of the present study indicate that SDC1 is a functionally linked target gene regulated by miR-494 in PC, suggesting that miR-494 may be used as a novel vertical blockade agent for the treatment of PC. However, there are limitations. miR-494 can also impact PDAC progression via forkhead box protein M1 (FOXM1), NAD-dependent deacetylase sirtuin-1 (SIRT1) and c-Myc (48, 53) , suggesting that other genes should be considered when evaluating the involvement of miR-494 in PC. As such, further studies are required to validate the results of the present study and gain a broader understanding of the role of miR-494 in PC.
The analyzed data sets generated during the study are available from the corresponding author on reasonable request. 
